In this paper the effect of collisions and photo-ionizations on monochromatic radiative equilibrium is considered. A formalism is developed which includes the theory of stellar absorption lines (Strömgren) and the theory of nebular luminosity (Zanstra) as two limiting cases. A second approximation for the nebular problem is also sketched. The mathematical analysis is devoted to the treatment of the three-state problem including collisions. When collisions can be neglected, the approximate equations of transfer used admit of two flux integrals and two K-integrals. 
i. Introduction.-The theory of the formation of stellar absorption lines hinges on the problem of writing down the appropriate equation of radiative transfer. If we can write down the equation of transfer, then we have, in principle, solved the problem. But in the considerations leading to the equation of transfer, we can follow one of two methods: either argue in terms of macroscopic notions, e.g., the mass absorption and emission coefficients, etc., or in terms of microscopic notions, e.g., the Einstein transition probabilities, effective cross-section for captures, etc. The two methods, if properly handled, should of course lead to identical results ; but a comparison of the two methods is often useful. Thus, in the so-called ^combined Schuster-Schwarzschild problem" it is assumed that we can characterize the material by a mass absorption coefficient, k, and a mass scattering coefficient, l. The equation of transfer is then written down in the form In writing down (i), it is assumed that the emission consists of two parts: (a) the Kirchhoff emission, k v B v , and (b) the emission due to scattering, of amount lj v . On the other hand, as E. A. Milne 1 has shown, we can derive an equation similar to (1) by an entirely different type of discussion, which does not involve an appeal to Kirchhoff s law. The assumptions, (a) a Maxwellian distribution of velocities and {b) the effect of collisions in exciting and de-exciting the atoms, lead to the equation of transfer d¿ V12 _ j , Jv r¡ Vir B vu 7.
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where dt yi3 is the optical depth measured in the direction of s,
where b 12 and B 12 are the probabilities of an atom in state 1 being excited to state 2 by collision or by the absorption of radiation of appropriate frequency. If we write and dtv = {k v -j-Ivj pds ,
we see that (1) and (3) are formally equivalent. We shall return to the discussion of the physical meaning of (5) and (5'); but it is already clear that Milne's method, if properly interpreted, will remove some of the obscurity involved in the appeal to Kirchhoff's law in the usual treatment. However, the theory of the formation of stellar absorption lines in the frame either of (1) or of (3) encounters difficulties-among others, the matter of the central intensities.
The physical foundations have been analyzed by B. Strömgren, , 88, 493, 1928. 2 Zs.f. Ap., 10, 237, 1935; Handbuch der Ap. 7, 221-235, 1936 who incorporates into the theory at an early stage the influence of electron captures and photo-ionizations. Strömgren's theory is entirely satisfactory, but at the same time it would be of some interest to examine whether Milne's method can be suitably generalized to lead to results equivalent to those obtained by Strömgren's method.
We shall see that this is possible.
There is another aspect to this problem. As is well known, Zanstra's theory of nebular luminosity utilizes the processes of electron captures and ionization as a means for the conversion of the ultraviolet energy beyond the head of the Lyman series in the incident starlight into energy mainly in Lyman a. The problem of radiative transfer associated with the Zanstra theory has been studied by V. A. Ambarzumian and the writer. 3 The question now arises whether we cannot construct a scheme which will include, as limiting cases, Strömgren's equation of transfer at one end and the equations of radiative transfer for the Zanstra theory at the other end. The main object of this paper is to supply such a scheme. 2. Definitions and fundamental equations.-The method consists in extending Milne's procedure to include cyclical transitions between three states, one of which we eventually identify with the continuum.
First let us consider the case of three discrete levels of statistical weights, gï, g 2 , g 3 . We introduce the Einstein coefficients A nrti) Dnmj B mn , defined with respect to the intensity of radiation. where a mn is the mean atomic absorption coefficient in the interval Avmn-We shall next introduce the probability coefficients b mn , a nm , to take into account the effect of collisions in exciting and de-exciting the atoms in the states m and n, (m < n)-more precisely, the probability that in unit time an atom in state w, (n), is excited (de-excited) by collisions of the first (second) kind is b mny (a nm ). If we assume that a Maxwellian distribution of the atomic velocities corresponding to a certain temperature T is maintained, then we should have
Now, in a steady state the number of atoms, th, n 2 , n 3 , in each of the states must remain constant. Thus, the constancy of the number of atoms in the ground state 1 yields
where the /'s are used to denote sin ddd .
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Similarly, the constancy of the number of atoms in state 3 gives (iS)
As may easily be verified, (14) and (15) 
which are our equations of radiative equifibrium.
So far, we have restricted ourselves to three discrete states. We now wish to make state 3 the "continuum," i.e., the transitions i -> 3, 2 -> 3, now correspond to photo-ionization. As Ambarzu- It should be noticed that our optical depths, ¿¿ mn , are measured in the direction in which the variation of I is considered. The equations (23), (24), and (25) 
It will be noticed that (29), (30), and (31) involve the w's only through the ratios (fh/n^), (^i/w 3 ), {n 2 /nx), respectively. The solution (22) of the equations of radiative equilibrium provides the values of the required ratios in terms of the /'s; and equations (29) J2z/(y 12^21 as quantities of the second order of smallness. The justification for this is found in the circumstance that, near the star, /12/V12 and /as/Vis are of the order of magnitude g-hvn/kT an( j e -hv n ikT, respectively, while for instance, is of the order of magnitude . On the other hand, if we are far away from the star, the effect of the dilution factor will be to make our approximation sufficient for practical purposes. Let
where B u is the Planck function : mn Bv mn = °rnn(e hv mn lkT -l)" 1 .
By (18) and (32) we have
Hence, we have 
We evaluate the expressions occurring on the right-hand sides of the equations of transfer, using (22) consistent with our method of approximation. After some rather lengthy calculations, it is found that 
where we have used e 12 to denote
We re-write ( (57), which we have derived, includes the effect of collisions and of the cyclical transitions (resulting from ionization and captures) on monochromatic radiative equilibrium.
Consequently, it can form the basis of an analysis of the formation of absorption Unes, and as such we can regard rj as small, compared with unity. This simplifies our expression for Q 12 . We can write, according to (45), (46) where we interpret T c as the color temperature of the radiation. On the other hand, the Planck function B Vl2 is defined with respect to the temperature of the material. Hence, we have .
We can also simplify our expression for e I2 . According to equations (41), (42), (43) (57) dt 12
We thus see that the correspondence between our treatment and Strömgren's problem is of the same nature as the correspondence between Milne's treatment and the combined Schuster-Schwarzschild problem. In comparing our method with Strömgren's, the following points should be noted.
1. In our method we consider (strictly speaking) only a one-constituent atmosphere, the relevant physical processes being collisions, photo-ionizations, recombinations, and radiative resonance transitions. Consequently, the only processes which give rise to general opacity in our model are collisions of the first and second kinds. It is in this sense that equation (67) has to be interpreted.
2. Our method does not take into account the contributions to the general opacity arising from factors other than collisions and, further, entirely ignores the presence of other constituents in the at-1938Ap J 87. . 4 7 6C 4B8 S. CHANDRASEKHAR mosphere. In Strömgren's method, however, it is assumed that if the general opacity, k", owing to all factors and all the constituents of the atmosphere, is known, then the appropriate emission is KyBviT), where T is the temperature of the material. 3. The origin of the identity of our e 12 and Q 12 with Strömgren's € and Q is to be found in the circumstance that in both the treatments the effect of photo-ionizations on monochromatic equilibrium is considered in physically equivalent terms.
It is thus clear that the fact that in the model case we have considered-namely, the three-state problem including collisions-our method leads to an equation of transfer identical with that derived by Strömgren, can be interpreted as implying the validity of the form in which use is made of Kirchhoff's law in Strömgren's method.
5. The equations of the planetary nebulae.-Returning to equations (51) and (52) 
These are precisely the equations of transfer in the form used by Ambarzumian and the writer. The probability p introduced in that theory is identical with our present ÿ, defined according to (71). We thus see that our formalism developed in sections 2 and 3 of this paper includes the theory of stellar absorption fines and the theory of nebular luminosity as two limiting cases. where p is defined as in equation (71) and 
It should be remembered that in the foregoing equations the optical depths are measured in the direction in which the variation of I is considered. or, using (49) and (50) Hence, equation (81) can be re-written as
We now see that equations (79), (80), and (84) form a consistent system of equations. The right-hand side of equation (79) contains terms of the first and the second order of smallness, while the right sides of equations (80) and (84) 
We first notice that, according to (47), (76), (78), (83), and (86), we have P 7^20-12(1 -p) = 0 2 .
Hence, (99) and (100) 
F 23 + à 2 F 13 = Constant = S23 + d 2 S 23 ,
where we have used S mn to denote the "incident" flux. From (102) and (103) we derive ô 2 (F I2 -S l2 ) = ô i (F 2 3 -S 23 ) .
We now derive a i^-integral: from (96) and (97), we have ?i + Si = _ i(Fi2 + SiFii) ' (los) or, by (102), + 5^3} = -î(5 I2 + ÔÂ3) .
Hence, qiK 12 + ôxK 13 = -j(S I2 + dxSx^r + constant.
We easily verify that (107) is equivalent to an expression which the author had derived in his paper on the radiative equilibrium of a planetary nebula (loc. cit., Eq.
[87]). However, we have now derived it under more general conditions. 
Since (K 12 /(j 1 ¿) 2 is a quantity of the second order of smallness, while {K. 23/er23) is one of the first order of smallness, it is apparent from (114) that, if we neglect quantities of the second order, then K 2Z is a constant. The integrals (102), (103), (107), and (113) have been derived from the equations of transfer (88), (89), and (90), which are approximations to the exact equations of the three-state problem.
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